METHODS: Nurses at a 1000 bed urban, tertiary care hospital developed the home medication list (HML) through patient interview. If a patient was not able to provide a written HML or recall medications, the nurses reviewed the electronic record along with other sources. The nurses then compared the HML to the patient's active inpatient medications and judged whether the discrepancies were intentional or potentially unintentional. This was repeated at discharge as well. If the prescriber changed the order when contacted about a potential unintentional discrepancy, it was categorized as unintentional and rated on a 1-3 potential harm scale.
RESULTS:
The study included 563 patients. HML information gathering averaged 29 minutes. Two hundred twenty-five patients (40%; 95% confidence interval [CI] , 36%-44%) had at least 1 unintended discrepancy on admission or discharge. One hundred sixty-two of the 225 patients had an unintended discrepancy ranked 2 or 3 on the harm scale. It cost $113.64 to find 1 potentially harmful discrepancy. Based on the 2008 cost of an ADE, preventing 1 discrepancy in every 290 patient encounters would offset the intervention costs. We potentially averted 81 ADEs for every 290 patients.
CONCLUSION:
Potentially harmful medication dis-crepancies occurred frequently at both admission and discharge. A nursepharmacist collaboration allowed many discrepancies to be reconciled before causing harm. The collaboration was efficient and cost-effective, and the process potentially improves patient safety. Journal of Hospital Medicine 2012;7:396-401 V C 2012 Society of Hospital Medicine Adverse drug events (ADE), of which medication errors are one form, refer to harm caused by use of a drug. ADEs occur frequently and are associated with an increased length of stay, economic burden, and risk of death.
1,2 Classen et al and Bates et al estimate, respectively, that there are 1.2 to 1.8 preventable ADEs per 100 inpatient admissions. 1, 3 Adjusting these data to current levels of yearly admissions, 380,000 to 400,000 preventable ADEs occur each year, and are projected to cost upwards of $3.5 billion annually in 2006 dollars. 4 Medication reconciliation is an active process that occurs at transitions in care (admissions, transfers in level of care, and discharge) and is designed to prevent medication errors as the patient moves across the continuum of care. Medications used by the patient prior to hospitalization are considered when developing the inpatient therapeutic regimen.
Medications are ordered on admission based in part on what providers believe is the patient's home medication list (HML). A systematic review revealed that errors in medication history taking, including errors of omission and commission, are extremely common and clinically important. 5 Such inaccuracies lead to unintended discrepancies between the hospital medication orders and the patient's true home medication regimen, and can result in patient harm.
Numerous studies have documented that inpatient discrepancies are common. [6] [7] [8] [9] [10] From September 2004 to July 2005, data from the United States Pharmacopeia MEDMARX voluntary medication error reporting program revealed over 2000 medication errors associated with reconciliation failures: 22% occurred during admission and 12% occurred at time of discharge. 11 A Canadian study demonstrated that 81 of 151 enrolled patients, who were prescribed 4 or more medications and were admitted to a medicine service, had at least 1 unintended discrepancy. 6 Of those discrepancies, 38.6% were thought to have the potential to cause moderate or severe discomfort or clinical deterioration. Bates et al found that 0.9% of all inpatient medication errors lead to harm. The Joint Commission highlighted the importance of this problem by creating National Patient Safety Goal (NPSG) 8 in 2005, ''Accurately and completely reconcile medications across the continuum of care.'' 13 This goal was modified and became effective on July 1, 2011.
14 As a response, organizations have been developing physician-led, nurse-led, or pharmacist-led medication reconciliation processes. 8, [15] [16] [17] [18] [19] [20] [21] [22] Typically, these teams have time dedicated to producing the most accurate home list possible, a ''gold standard'' list. Examples of successful pharmacist-led interventions to address this goal are described by investigators at Northwestern Memorial Hospital 16 and Duke University Medical Center. 23 Other interventions implemented to improve the reconciliation process include computerized provider order entry (CPOE) systems 24 and combining information technology (IT) with process redesign involving physicians, pharmacists, and nurses. 20 While the literature shows that there are multiple interventions that can reduce medication reconciliation errors, there is a dearth of evidence for interventions that are low-cost and easily replicable.
Given that unintended medication discrepancies are common and harmful, we sought to develop a generalizable intervention. Our prospective pilot study explored whether an easily replicable nurse-pharmacist led medication reconciliation process could efficiently and inexpensively identify unintended medication discrepancies, thereby preventing potential adverse drug events (PADEs).
METHODS

Patient Selection
The study was conducted at a 1000 bed urban, tertiary care hospital that serves a diverse patient population. We enrolled eligible patients over a 15-month period, from January 2008 to March 2009, admitted to 2 resident-covered general medicine teams. Each team is composed of an attending physician, 2 senior residents, 4 interns, a case manager, a pharmacist, and a social worker. Patients were excluded only if they did not consent or were discharged from the hospital in less than 24 hours. Patients were interviewed Monday through Friday, and those admitted over the weekend were interviewed the following Monday. The study was approved by The Johns Hopkins institutional review board (IRB).
Intervention Team
Baccalaureate-prepared registered nurses (RNs) provided the primary intervention in this model. Both nurses had practiced as bedside clinicians at the hospital and had knowledge of hospital systems and structures. No additional training was provided.
The study pharmacist, who is board certified in pharmacotherapy, has a doctor of pharmacy degree and completed 1 year of Pharmacy Practice residency, as well as a 1-year specialty residency in Internal Medicine. She spends the majority of her clinical time rounding with the inpatient medicine teams where she provides medication management recommendations.
Home Medication List Compilation
Informed consent was obtained by the study nurse 24-48 hours after admission. The nurse completed an initial patient interview to determine the HML or preadmission medication list. The patient-reported HML was compared to the history obtained by the physician. If both lists matched, the HML was considered complete. If a patient was not able to provide a written HML or recall medications, the nurses reviewed the electronic patient record (EPR), which documents previous discharge medication lists and Hopkins outpatient medication lists. If not convinced that the HML was accurate or complete, the nurses could use other sources of information, including patients' families, primary care physicians, and community pharmacies. Patients were then asked to verify the HML. At the start of the study, the nurses created a handwritten HML that they placed in the chart. As functionality of the CPOE improved during the study, the nurses entered the lists into the CPOE instead.
Reconciling the HML with the Admission Orders and Discharge Medication List
The nurses created the HML during the first 24-48 hours of a patient's admission, so admission orders were entered before the resident physicians were aware of the nurse-complied HML. By comparing the active medication orders to the HML, the nurses created a list of admission discrepancies. The nurse evaluated the discrepancies in the context of the treatment plan to determine if they appeared to be intended or unintended. The nurses consulted the study pharmacist if they were unsure if a discrepancy was intended. Questions about specific drug substitutions were clarified with the study pharmacist. For example, the nurses consulted the pharmacist about a patient who was taking carvedilol at home but was changed to metoprolol during the hospitalization.
After consultation with the pharmacist, the nurse reviewed all remaining potential unintended admission discrepancies with the physician team. A similar process was repeated on the day of discharge. For all patients transitioning out of the hospital, the nurses compared the active medication list and the HML to the discharge worksheet medication list and patient instructions. The nurses contacted the physician team when potential unintended discrepancies were identified. If unintended discrepancies were confirmed for a patient who had already been discharged earlier that day, a resolution plan was determined and the patient was contacted.
Intended Versus Unintended Discrepancies
After completing the nurse-pharmacist review, the nurse presented the admission discrepancies that were thought to be unintended to the prescriber. If the medication order was not changed, the discrepancy was considered intended. If the prescriber changed the order, the discrepancy was considered unintended. Unintended discrepancies were identified within 48 hours of admission and also upon discharge. If an unintended discrepancy was identified during admission, it only counted as an ''admission'' discrepancy. However, if the same mistake occurred again during discharge, the unintended discrepancy was also counted as a ''discharge'' discrepancy. The nurses classified the discrepancy by type: medication omission, frequency error, route error, wrong dose, and/or wrong drug.
Rating Potential Harm From the Unintended Discrepancies
Adjudicators assessed the potential harm of unintended admission discrepancies that could occur during an average 4-day hospitalization. Similarly, raters assessed the potential harm of unintended discharge medication discrepancies. Each of the 4 adjudicators, 2 physicians and 2 pharmacists, were blinded and independently adjudicated all unintended admission and discharge discrepancies, rating the potential harm from the discrepancy on a scale 6 from 1 to 3:
• Rank 1: unlikely to cause any harm or discomfort.
• Rank 2: potential to cause moderate discomfort or clinical deterioration.
• Rank 3: potential for severe discomfort or clinical deterioration.
To rate the potential harm of the discrepancies, the raters were provided with the patients' diagnoses, the medications in question, the types of discrepancies, and whether the discrepancy occurred at admission or discharge. The final potential harm level was determined by the majority rating unless a rating spread of Rank 1 to Rank 3 existed. In that case, consensus was reached by discussion. If the 4 raters were evenly split, the mean value was used.
Cost Analysis: Resources, Valuation, and Cost Savings The time involved in implementing the protocol was recorded in minutes on an Excel spreadsheet. The time records included: participant interview, contact with secondary sources for medication history (a primary care physician or pharmacy), consultation with the study pharmacist, patient education, discharge activities, and consultation with the prescribers. The study pharmacist submitted additional time for follow-up of issues after the initial consultation with the nurse.
The cost of an ADE in our study was estimated based on the Bates et al study, which reported an average cost of $5857.00 per inpatient ADE in 1996 dollars. 2 Using an inflation adjustment ratio from
We compared the cost of the program with potential cost savings. We performed a threshold analysis to determine the minimum proportion of Rank 2-3 potential ADEs that would actually need to result in harm in order for the intervention to yield a cost savings. We also estimated the costs of harm based on the Bates et al study which found that 0.9% of all inpatient medication errors results in harm. 12 
Statistical Analysis
We used logistic regression to test for associations between discrepancies and patient characteristics including age, race, length of stay, education, marital status, primary payor, severity of illness, and number of medications. The outcome measure was at least 1 unintended discrepancy on admission or discharge. A paired-samples t test was calculated to compare the mean number of discrepancies on admission to the mean discrepancies at discharge.
RESULTS
We enrolled 563 patients who were admitted a total of 698 times. Only the first admission for each patient was analyzed. Patient demographics are presented in Table 1 . Almost 70% of our enrolled patients were less than 65 years old, 65% of the patients were black, 58% lived within 5 miles of the Johns Hopkins Hospital, and a plurality of the patients were single and received Medicare. The mean number of medications was 7.8 (SD 6 4.9).
The most frequent source of the home medication list was from patient verbal recall (52%). Few patients had lists of their current medications when admitted. The second most commonly used source was the electronic patient record, 36.6%, which was used to verify and complete the home list. The patient's community pharmacist, 12.5%, was contacted when other sources did not result in a complete home list. The primary care site was contacted in 6.0% of the cases. Patients were then asked to verify the HML.
Of the 563 patients, 225 (40%; 95% confidence interval [CI], 36%-44%) had at least 1 unintended discrepancy on admission or discharge. On admission and discharge, 28% (95% CI, 25%-30%) and 25% (95% CI, 21%-29%) of the patients, respectively, had an unintended discrepancy. Of those 225 patients who had an unintended discrepancy, 162 (72%) had a discrepancy ranked 2 or 3 on the potential harm scale.
Overall, there were more unintended discrepancies on admission (364) than at discharge (167) (Figure 1) . The paired t test showed a significant decrease (t[562] ¼ 2.066, P ¼ 0.039) between the number of discrepancies on admission to discharge. However, the majority of these discrepancies on admission (55%) were Rank 1 on the potential harm scale, while the majority of the discharge discrepancies (85%) were likely to cause harm (Rank 2-3 ). There were many more Rank 3 discrepancies upon discharge, 39, than on admission, 13. The percentage of Rank 2-3 discrepancies on admission and discharge were 45% versus 85%, respectively. Interclass correlation of ratings before consensus was 0.58.
The most common unintended discrepancies were omissions of medications at admission, 74%, and discharge, 62%, followed by discrepancies in dosing (Table 2). The majority of omission discrepancies were categorized as Rank 1. Discrepancies in frequency and dosing were most likely to be adjudicated as Rank 2 or 3. Table 3 gives examples of how discrepancies were ranked.
The only statistically significantly variable associated with the presence of discrepancies was the number of medications (odds ratio, 1.087; 95% CI, 1.044-1.132). Each additional medication increased the odds of a discrepancy by 8.7%. Other variables, including age, race, length of stay, level of education, marital status, primary payor, and severity of illness, were not associated with prevalent discrepancies. Abbreviations: APDRG, all patient diagnosis-related group; GED, general equivalency diploma; HMO, health maintenance organization; ICD-9, International Classification of Diseases, Ninth Revision.
FIG. 1.
Ranking unintended discrepancies at admission and discharge. Cost Analysis: Resources, Utilization, and Cost Savings On average, the nurses spent 11.2 minutes (SD 6 8.0 minutes) of their time conducting the admitting patient interview. The average total time for the protocol excluding the initial interview was 29.3 minutes (SD 6 30.2 minutes). The clinical pharmacist was consulted in 30% of the cases. The average consultation time was 7.5 minutes (SD 6 4.4). We determined the hospital's cost of the intervention by adding hourly wages plus benefits for the nurse, pharmacist, and physician multiplied by the time required of each team member. The intervention cost $31.82 per patient. Given (1) the total of 40.5 minutes per patient-admission spent by the nurse for each of 563 patients admitted a total of 698 times over 15 months, (2) the assumption of 2000 hours of work in a 12-month period, and (3) the assumption that these patients and all their admissions were representative of the 15-month period, the estimated full-time equivalents was 0.19. Since Rank 1 discrepancies do not cause harm, we considered only Rank 2-3 discrepancies. One hundred sixty-two of the 563 (29%) patients had a discrepancy categorized as Rank 2-3. Since the cost of the intervention per patient was $31.82, it cost $113.64 to find 1 discrepancy that could cause harm. If each ADE cost a hospital approximately $9344 in 2008, then preventing 1 discrepancy in every 290 patient encounters would offset the intervention costs. For every 290 patients, our data suggest that we would prevent 81 discrepancies. Every potential ADE does not result in an actual harm. Only 1.2% of the potential ADEs would have to result in harm for the cost of the intervention to be offset. Bates el al found that 0.9% of all inpatient medication errors lead to harm. 12 Applying this rate to the total of 531 discrepancies found in the current study, 4.8 of them would have caused harm. Applying the inflation-adjusted cost to these 4.8 harmful discrepancies, the total estimated cost averted would be $44,607; this compares favorably with the $17,915 cost of the nurse-pharmacist intervention.
DISCUSSION
Inpatient medication reconciliation, an essential patient safety process, prevents potential ADEs and is mandated by The Joint Commission. Previous studies have shown that discrepancies are common occurrences for patients treated in tertiary centers, [6] [7] [8] and those discrepancies can lead to patient discomfort or clinical deterioration. 6, 8 Our current study supports this body of literature, as 40% of patients had at least 1 discrepancy on admission or discharge, and 29% of those discrepancies had the potential to result in moderate or severe discomfort or clinical deterioration. Although consistent with some findings, 8 these numbers are generally lower than other studies, 6 ,25 where
anywhere from 39% to 64% of the discrepancies were classified as Rank 2-3. Consistent with other studies, we found that ''omission'' was the most common type of discrepancy at admission as well as discharge. 6, 8, 9, 21 In recent studies, omissions accounted for 46.5% 10, 21 to 60% 9 of the discrepancies. Further analysis in our study showed that the more medications a patient took, the higher the likelihood of discrepancy-a correlation also seen in other studies. 9, 10 As the number of medications that a patient takes increases, the more difficult it becomes for all parties involved, including patients, families, and physicians, to keep an accurate record-leading to more opportunities for discrepancies.
Unintended medication discrepancies do not just occur on admission. While we identified many fewer discharge discrepancies, they were more likely to be categorized as Rank 2-3. This is in contrast with other research that has found more discrepancies at discharge than admission. 9, 11 In the current study, active medication reconciliation on admission likely led to a decrease in the number of discharge discrepancies. Even though there were fewer discharge discrepancies, the potential for harm was great and should not be underestimated.
Although many different types of interventions have been tried, this pilot study demonstrated a remarkably easy, generalizable, and inexpensive method. Other interventions have depended on wholesale reengineering of complicated processes, 20, 26 pharmacists, 10, 15, 16, 18, 19, 21, 22 or particular IT systems. 20 Our intervention employed a nursing-pharmacist model, which may either reduce the cost of healthcare, or at the very least, pay for itself. Each ADE is projected to cost $9300. The nurse-pharmacist collaboration costs approximately $32 per patient. Thus, preventing only 1 ADE in 290 patient admissions would constitute a ''breakeven'' point for the intervention-a goal that is likely achievable according to our study results. Even more cost-effective would be to target only those patients at highest risk for a discrepancy-namely those taking multiple home medications. 10 There are several limitations to our study. First, we did not have a control group that would allow for comparison of clinical outcomes between the intervention and standard practice. Second, only ''potential'' ADEs were avoided. We were not able to determine that an ADE would definitely have occurred if the reconciliation had not taken place. Third, this study was conducted in a single department at 1 institution. As such, the results may not be generalizable to services other than general medicine or to other hospitals. Fourth, we relied on cost data from 1 inpatient study that is more than a decade old to estimate the potential savings to the healthcare system. 2 This demonstrates the need for new studies of the cost of ADEs in hospital and outpatient settings. Outpatient medication discrepancies may be more or less costly than their inpatient counterparts, which would impact the cost analysis of this study. Fifth, we did not rely on the ''brown bag'' method, asking the patient's family to bring in the medication bottles, for determining the HML. That would certainly have given us another method to confirm the HML. Moreover, the nurse did not confirm the HML with a second source if she felt that the list provided by the patient was accurate. Finally, while we can intervene on discharge discrepancies, we do not control what a patient chooses to do after discharge. 27 Health literacy, financial issues, deficits in communication between patients' discharge providers and their primary care providers, and many other factors affect whether patients adhere to their discharge medication list. 28 Since this is not a randomized controlled trial, this pilot study requires additional testing to determine if ADEs are actually avoided and costs saved. The HML protocol could be updated to include the ''brown bag'' method or other additional steps to verify the HML. Although not inexpensive, a home visit intervention could be tested as well. 29, 30 In conclusion, potentially harmful unintended medication discrepancies occurred frequently at both hospital admission and discharge. A nurse-pharmacist collaboration to monitor and intervene on these discrepancies allowed many to be reconciled before potentially causing harm to patients. The collaboration was relatively efficient and cost-effective, and the process potentially improves patient safety.
